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Transverse myelitis is an unusual inflammatory disease of the spinal cord. It results in loss of sensory and motor function below the level of injury. Acute transverse myelitis can occur as an isolated inflammatory disorder or as part of a multifocal central nervous system demyelinating disease such as acute disseminated encephalomyelitis, multiple sclerosis or neuromyelitis optica. Transverse myelitis may also occur on a background of infections, vaccinations, vasculitis, and trauma.\[[@ref1]--[@ref3]\]

Guillain-Barré syndrome (GBS) is defined as an acute, areflexic, flaccid paralysis, which is classified into four subgroups including acute inflammatory demyelinating polyneuropathy, acute motor-sensory axonal neuropathy, acute motor axonal neuropathy, and Miller-Fisher syndrome. GBS is usually due to multifocal inflammation of the spinal roots and peripheral nerves, especially, the myelin sheaths. The axons are often damaged as a secondary consequence of the inflammatory response. The cause of GBS is poorly understood. The favored hypothesis is that it is due to an autoimmune response directed against antigens in the peripheral nerves that is triggered by a preceding bacterial or viral infection.\[[@ref4][@ref5]\]

GBS and transverse myelitis can occur simultaneously in the pediatric population.\[[@ref6]\] This may be explained by a shared epitope between the peripheral and central nervous system myelin. Simultaneous development of inflammatory disorders of the central nervous system and the peripheral nervous system is generally considered to be uncommon and there have been a few number of cases of concomitant acute transverse myelitis and inflammatory peripheral neuropathy.\[[@ref6][@ref7]\]

Acute childhood myositis is a rare, self-limiting muscle disorder mainly affecting children of school age. Clinically, it is characterized by the sudden onset of calf pain and muscle tenderness, and a refusal to walk and/or difficulty in walking. Serum creatinine kinase is elevated in most cases. The clinical manifestations usually follow the initial phase of an acute upper respiratory tract illness, most frequently associated with viral diseases.\[[@ref8]\]

According to our knowledge, there is only one described case of GBS and transverse myelitis in childhood due to *Mycoplasma pneumoniae* infection, but there is no described case of myositis, GBS and transverse myelitis due to *M. pneumoniae* infection.

Case Report {#sec1-2}
===========

A 14-year-old female patient was admitted with numbness and weakness of the legs and the arms. She had 9 days history of back pain with gradual weakness and paresthesia of the arms. Weakness progressed to involve all extremities and ultimately she was unable to stand and sit. Ten days prior to the onset of her symptoms, she had upper respiratory tract infection. She had received no medications during the course of infection. Based on the clinical findings, a presumptive diagnosis of myositis was made at an outside institution because of high serum creatine kinase level (2190 U/L, normal 29--168). She had no history of intramuscular injection. The patient was referred to our institution for further investigation. There was no history of consanguinity and neurologic disease in the family. Physical and neurological examination revealed normal deep tendon reflexes. There were no pathological reflexes. Muscle strengths in proximal and distal muscles of upper and lower extremities were 3/5 and 4/5, respectively. She had no sensory level and there was no lateralizing neurologic deficit. She had no bladder and bowel dysfunction. Abdominal skin reflexes were normal. The remainder of the physical and neurological examination was normal.

Laboratory examinations including blood count, renal, and liver function analyses, C-reactive protein, revealed no abnormality. Erythrocyte sedimentation rate was 28 mm/h (normal 0--20). Magnetic resonance imaging of brain was normal. Spine magnetic resonance imaging revealed hyperintense punctate lesions in the anterior cervicothoracic spinal cord, extending from C4 to T3 vertebral level on T2 weighted series. These lesions were enhancing on post-contrast series, which is consistent with disrupted spinal cord-blood barier \[[Figure 1](#F1){ref-type="fig"}\]. Initial motor conduction studies on the 10^th^ day of illness revealed a decrease in motor response amplitudes in bilateral median nerves and the left common peroneal nerve. The F response latency of bilateral tibial nerves was prolonged. Upper and lower extremity sensory responses were normal. The right median nerve conduction velocity was slow. The electromyography findings were consistent with mild acute motor polyneuropathy.

![T2 weighted sagital consecutive images (a) and transverse image (b) show hyperintense punctate lesions (arrows) in anterior of the cervicothoracic spinal cord, extending from C4 to T3 vertebral level. Contrast enhanced T1 weighted sagital image (c) shows enhancement of the lesions (arrows)](JPN-8-59-g001){#F1}

Neurologic, radiologic, and electromyographic findings suggested myositis, transverse myelitis, and GBS. Examination of the cerebrospinal fluid revealed normal protein and glucose levels with no pleocytosis. Cerebrospinal fluid polymerase chain reaction (PCR) was negative for adenovirus, varicella zoster virus, herpes simplex virus, and enterovirus. Cerebrospinal fluid culture showed no growth of any bacteria. Examination of cerebrospinal fluid revealed a normal IgG index (0.7; normal values 0.3--0.7). Isoelectrofocusing was negative for oligoclonal bands. Anti-nuclear antibodies and anti-double stranded deoxyribonucleic acid antibodies were negative. Complement levels (C3, C4) were normal. Serological work-up for toxoplasmosis, rubella, cytomegalovirus, herpes simplex virus, ebstein barr virus, brucella, salmonella, and hepatitis were negative. Serum *M. pneumoniae* IgM and IgG (85 RU/mL) were positive indicating an acute infection. *M. pneumoniae* serology was repeated 1 week after admission and showed an increase in *M. pneumoniae* IgG (148 RU/mL) titer. The case was considered as myositis, transverse myelitis, and GBS caused by *M. pneumoniae* infection.

The patient was treated with intravenous immunoglobulin (1 g/kg/day for 2 days) and clarithromycin (15 mg/kg/day). Clarithromycin was continued for 2 weeks. The patient′s complaints disappeared and strength improved over the following weeks.

On the 14^th^ day of treatment, spinal magnetic resonance imaging demonstrated minimal regression in hyperintense signals. Repeated motor conduction studies revealed increase in motor response amplitudes. On 15^th^ day of the follow-up, muscle strength was 4--5/5 in bilateral proximal upper and lower extremities. Her strength was 5/5 in the distal upper and lower extremities. She was discharged after starting to walk independently.

Discussion {#sec1-3}
==========

Extrapulmonary manifestations of *M. pneumoniae* infection are common and involvement of every organ system has been reported.\[[@ref2]\] Central and peripheral nervous system involvement is a frequent complication associated with *M. pneumoniae* infection. Neurological complications occur in 0.01--4.8% of *M. pneumoniae* infected patients.\[[@ref2][@ref9]\] *M. pneumoniae* induced neurological complications are well-described in children. The pathogenesis remains unclear, but is thought to be the result of direct invasion of the central nervous system, or a post-infectious immune-mediated response.\[[@ref10][@ref11]\] *M. pneumoniae* has been implicated in a number of immune mediated neurological diseases such as acute disseminated encephalomyelitis,\[[@ref12]\] transverse myelitis,\[[@ref13]\] and GBS.\[[@ref14][@ref15]\] Autoantibodies to brain antigens were first described by Biberfeld in patients with *mycoplasma*-induced central nervous system disease.\[[@ref16]\] Since then, antibodies against galactocerebroside-C, GM1, GM2, Gt1b and GQ1b have been reported in some patients with *M. Pneumoniae* induced central nervous system dysfunction.\[[@ref15][@ref17]--[@ref20]\] On the other hand, Biberfeld reported that *M. Pneumoniae* may have a direct activating effect on B cells.\[[@ref21]\] Therefore, the important factor seems to be abnormal immune-mediated response to an infection rather than the direct effect of an infectious agent. On the other hand, a recent study explained pathogenesis of neurologic manifestations of *M. pneumoniae* infections by three mechanism including cytokine production, autoimmunity, and vascular occlusion.\[[@ref22]\] Our patient developed central and peripheral nervous system disorder after 2 weeks of onset of respiratory symptoms. The spinal lesions and acute motor axonal polyneuropathy were considered to result from this autoimmune process. Another finding supporting autoimmune pathology is the marked clinical improvement after intravenous immunoglobulin.

Diagnosis and prognostic estimations of acute transverse myelitis have been done on the basis of clinical, electrophysiological and magnetic resonance imaging findings. Acute transverse myelitis is a rare complication of *M. pneumoniae* infection in childhood.\[[@ref23]\] The long-term outcome of *mycoplasma* infection related transverse myelitis was reported to be favorable.\[[@ref24]\] However, Csábi *et al*. reported that *M. pneumoniae*-induced acute transverse myelitis may lead to serious, life-long disability including paraplegia and bowel and bladder dysfunctions in childhood.\[[@ref25]\] Generally, the prognosis of transverse myelitis has been reported to be better in children than in adults.\[[@ref26]\] Defresne *et al*. evaluated 24 children with acute transverse myelitis, aged 2--14 years and reported that the outcome is favorable in 56% of patients. It is known that rapid onset of the deficit and severe weakness predict an unfavorable prognosis.\[[@ref27]\] De Goede *et al*. evaluated the 2-year prospective results of transverse myelopathy in children. They reported that significant positive prognostic factors were preceding infection, start of recovery within a week of onset, age less than 10 years and lumbosacral spinal level on clinical assessment although significant negative predictors were flaccid legs at presentation, sphincter involvement, and rapid progression from onset to nadir within 24 h.\[[@ref28]\] Our patient also had a history of upper respiratory infection 10 days prior to the onset of her symptoms. Our case showed slow clinical progression. The studies mentioned above led us to think that our patient′s prognosis will be favorable and her symptoms improved with treatment.

*M. pneumoniae* can be associated with myositis and rhabdomyolysis. In literature, there is a small number of case reports showing relationship between *M. pneumoniae* infection and myositis. Antibodies to smooth muscle have been detected in patients with *M. pneumoniae* infection. Although direct tissue invasion has been hypothesized, it has not been proved yet. The musculoskeletal involvement, polyarthralgia, and mild myalgia are common. *Mycoplasma* infection should be considered in the differential diagnosis of patients with myositis.\[[@ref29]--[@ref33]\] Rothstein *et al*. previously reported adult patient with cranial neuropathy, myeloradiculopathy, and myositis as the complications of *M. pneumoniae* infection.\[[@ref31]\] Weng *et al*. noted 4-year-old boy with simultaneous onset of both acute rhabdomyolysis and transverse myelitis caused by infection of *M. pneumoniae*.\[[@ref33]\] The high creatine kinase that was detected before her admission to our center was suggestive of *M. pneumoniae*-associated myositis.

Combined central and peripheral myelinopathy has been frequently reported in adults.\[[@ref34]--[@ref36]\] Nonetheless, coexistent transverse myelitis and acute motor axonal neuropathy in childhood was rarely described.\[[@ref6][@ref7][@ref37]\] In one report, Howell *et al*. noted concomitant transverse myelitis and acute motor axonal neuropathy in 14-year-old boy presented with acute paraparesis with sensory and sphincter disturbance.\[[@ref6]\] Etiology could not be determined in that case. To date; only one case with GBS and transverse myelitis in childhood caused by *M. pneumoniae* has been reported.\[[@ref37]\] To the best of our knowledge, we report the first case of simultaneously myositis, acute motor polyneuropathy and transverse myelitis caused by *M. pneumoniae* in childhood.

Serologic diagnosis of *M. pneumoniae* infection requires collection of both acute-phase and convalescent phase serum samples and testing for both immunoglobulins IgM and IgG. It is necessary for optimum diagnosis of recent or current *M. pneumoniae* infection.\[[@ref38]\] Increased *M. pneumoniae* immunoglobulin M titers have been demonstrated to be reliable markers of recent infection in children.\[[@ref39]\] IgM antibodies rise shortly after the acute infection and may persist for 6 months. IgG antibodies increase within just a few weeks and also persist for several months.\[[@ref40]\]

The isolation of *M. pneumoniae* from the cerebrospinal fluid or detection by the use of PCR are not common. Previous studies showed that the *M. pneumoniae* genome was detectable by PCR at a significantly higher rate in cerebrospinal fluid samples from patients with early-onset encephalitis than in cerebrospinal fluid from patients with late-onset encephalitis.\[[@ref41]--[@ref43]\] Serum *M. pneumoniae* IgM and IgG were detected positive in our patient. *M. pneumoniae* serology was repeated 1 week after admission and showed an increase in *M. pneumoniae* IgG titer. The isolation of *M. pneumoniae* in cerebrospinal fluid by PCR could not be performed due to the limited facilities of our laboratory. As a result, the high *M. pneumoniae* immunoglobulin M titers, the rise in *M. pneumoniae* IgG titer and preceding respiratory illness are highly suggestive of the diagnosis of *M. pneumoniae*-associated neurologic dysfunction.

The treatment of GBS with immunoglobulin is well established.\[[@ref5]\] However, the treatment of *mycoplasma* infection related transverse myelitis has many treatment options. Immune-modulating therapies have been used alone or in combination including corticosteroids, intravenous immunoglobulin, and plasma exchange. In *Mycoplasma*-associated acute transverse myelitis, treatment with corticosteroids is recommended alone or together with immunoglobulin in case of probable or possibly severe clinical or radiological findings.\[[@ref44]\] Antimicrobial treatment is controversial, due to low penetration via the blood-brain barrier, and potential immunologic mechanisms.\[[@ref24]\] Previous studies implicated that cytokines were frequently increased in the central nervous system in patients with *M. Pneumoniae* infection.\[[@ref22][@ref43]\] In this respect, a recent study also revealed that macrolides have suppressive actions for these inflammatory cytokines in addition to their antimicrobial activity.\[[@ref45]\] Our patient showed a dramatic improvement with intravenous immunoglobulin treatment requiring no additional corticosteroid treatment. Ýntravenous immunoglobulin was preferred because she had no diffuse involvement with edema of the spinal cord and had slow progression.

A unique feature in the present case is the simultaneous onset of myositis, GBS and transverse myelitis in a single patient subsequent to *M. pneumoniae* infection. In summary, *M. pneumoniae*-associated musculoskeletal, central and peripheral nervous system involvement may coexist in the pediatric population. Further research is necessary to better describe this entity and its prognosis.
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